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^ (54) Title: PROCESS FOR CONVERSION OF OLEFINS 
V© 

©*\ (57) Abstract: A process for converting an olefin feed to hydrocarbons suitable for fuel components or their feedstock. According 
2^ to the process, an olefin feed, possibly together with another hydrocarbon feed, is contacted in a reactor with a catalyst in order to 
^ produce a hydrocarbon having at least one alkyl side chain. In the invention, the olefin feed is contacted with a particle-form fluidized 

catalyst in a circulating -bed reactor, wherein the catalyst forms the circulating bed of the reactor. When the operation is carried out 
2 in a circulating-bed reactor, the retention time of the feedstock is short. In this case, iso-olefins are formed quite selectively from 

n-olefins in isomerization. Since the useful life of the catalyst lengthens while the catalytic activity of the bed remains high for a 
Q long time, the conversion level also remains high. A long useful life of the catalyst is an economically higly significant advantage. 
^ In a circulating-bed reactor the regeneration of the catalyst can be carried out quite flexibly, and the operation of the reactor need not 
^ be interrupted for the duration of regeneration. 
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Process for converting olefins 



The present invention relates to the process according to the preamble of Claim 1 for con- 
verting an olefin feed to gasoline components or to hydrocarbons suitable for use as feed- 
5 stock for gasoline components. 

According to a process such as this, the olefin feed, possibly together with another hydro- 
carbon feed, is contacted in a reactor with a catalyst in order to produce a hydrocarbon 
having at least one alkyl side chain. 

Light n-olefins can be converted to more valuable gasoline components or to feedstock for 
10 gasoline components primarily by means of two processes, namely, isomerization and re- 
spectively alkylation. When n-olefins are isomerized, iso-olefins are obtained. Iso-olefins 
are reactive in, for example, etherification, dimerization and oxidation. In alkylation, light 
olefins are caused to react in the presence of a catalyst, at elevated temperature and pres- 
sure, with hydrocarbons such as cyclic, in particular aromatic, compounds, in order to pre- 
15 pare modified hydrocarbon products having at least one alkyl side chain. One example of 
alkylation is the alkylation of C6 - Cg aromates with C 3 - C4 olefins, the product being C 7 - 
Cn alkyl aromates, since other reactions, for example cracking, also take place during the 
reaction. These can be mixed with gasoline fractions, and they are components considera- 
bly more valuable than the feedstock. 

20 In general, isomerization reactions are carried out in solid-bed reactors at elevated tem- 
peratures (at approx. 200 - 500 °C), There is commercially available a butene isomeriza- 
tion process licensed by Lyondell and the ISOFIN process developed by Mobil and British 
Petroleum for the isomerization of butanes and pentanes. From the patent literature there 
are known numerous isomerization processes for an olefin feed. One example is the option 

25 according to US patent publication 5,198,590. 

Skeletal isomerism for n-olefins is obtained at the acid sites of catalysts. Typical catalysts 
in which skeletal isomerization reactions of n-olefins do occur include zeolites, other mo- 
lecular sieves, such as SAPO-1 1, amorphous aluminum silicates and aluminum oxides. The 
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most researched zeolites in the structural isomerism reaction are zeolites belonging to the 
theta-1 and ferrierite groups. 

Alu m i n um silicate catalysts, in particular zeolites, are also used in alkylation. 

There are certain drawbacks involved in the state-of-the-art technology. In particular it is to 
5 be noted that all of the catalysts mentioned above are deactivated relatively rapidly. Ac- 
cording to the example^ in GB-A-2-060 424, their useful lives may be as short as 1 - 2 h. It 
is often necessary to add steam and halogen compounds to extend the useful life of the 
catalyst. DE-3 000 650 states that the operating cycle can be increased to about 50 hours 
by these methods. 

10 The alkylation reaction between olefins and isoparaffins is also known from, for example, 
WO application publication 97/45383. The performing of the reaction between olefins and 
aromatic hydrocarbons in a fluidized bed is disclosed in US patent publication 5,336,820. 

Of zeolite materials, typical catalysts suitable for the skeletal isomerization reaction are 
described in patent publications US 4,503,282; 5,227,569; 4,435,31 1 and 4,392,003. Publi- 

15 cations EP 0 523 838 and WO 95/17961 disclose a process for preparing a zeolite catalyst 
and isomerizing linear olefins to corresponding methyl-branched iso-olefins by using as 
catalysts zeolites having a pore size sufficiently small to slow down the formation of coke 
in the pore structure and sufficiently large to allow the reaction of the linear olefins to iso- 
olefins. With these improved catalysts, an operating cycle of 217 hours has been achieved 

20 (at least 33 % by weight of isobutenes in the product). This ample week of useful life is, 
however, still rather short considering industrial processes in practice. In conventional 
processes the replacement of the catalyst causes production stoppages and increases costs. 

At the beginning of the operating cycle, the fresh catalyst additionally has a period during 
which the iso-olefin selectivity is poor. This matter has been described in, for example, the 
25 1993 Petrochemical Review publication "Highly Selective Olefin Skeletal Isomerization 
Process." An isobutene selectivity above 90 % is typically not attained until after an oper- 
ating time of 75 hours. The skeletal isomerization reaction of olefins has equilibrium limi- 
tations. Of pentenes, isopentenes can be present at a temperature of 200 °C in an amount of 
89 %, whereas at a temperature of 350 °C the amount of isopentenes can be only 81 %, 
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Respectively, at a temperature of 200 °C, isohexenes can be in equilibrium in an amount of 
95 %, whereas at a temperature of 350 °C the amount of isohexenes in equilibrium can be 
90 %. When it is desired to maximize the yield of iso-olefins, it is preferable to carry out 
the reaction at as low a temperature as possible. In conventional processes (solid bed) the 
5 catalyst deactivation rate is higher the lower die temperature. Therefore the operating tem- 
peratures are often quite high when it is necessary to maximize the operating cycle. 

The object of the present invention is to provide a completely novel process for converting 
an olefin feed to a more valuable gasoline component. It is a particular object of the inven- 
tion to provide a process for the isomerization of n-oiefins to corresponding iso-olefins or 
1 0 respectively the alkylation of an aromatic hydrocarbon feed with an olefin feed. 

According to the invention, the conversion of an olefin feed is carried out in a circulating- 
bed reactor system, wherein the olefin feed is contacted with catalyst particles in a fluid- 
ized state. Circulating-bed reactor technology has previously been used in the chemical 
process industry, for example, for the preparation of a maleic acid anhydride and for the 

15 cracking of hydrocarbons. It is characteristic of circulating-bed reactors that the reaction 
bed flows through the reactor and that a portion, in general all, of it is directed continu- 
ously to regeneration. In the present invention it has been observed that a circulating-bed 
reactor system which includes a reactor, possibly with internal circulation, and a regenera- 
tor - equally with an internal circulation - provides a possibility for continuous regenera- 

20 tion of the catalyst, in which case the olefin feed conversion reaction can be carried out at a 
quite high and quite steady catalyst activity level for even long periods of time. 

More precisely, the process according to the invention is mainly characterized in what is 
stated in the characterizing part of Claim 1 . 

Considerable advantages are gained through the invention. Thus, when the operation takes 
25 place in a circulating-bed reactor, the retention time of the feedstock is short. In this case, 
during isomerization, iso-olefins are formed from n-olefins quite selectively. Since the 
useful life of the catalyst is lengthened while the catalytic activity of the bed remains high 
for a long time, the conversion level also remains high. Owing to the high activity level, 
the reaction temperature can be lowered, which promotes the selective conversion of the 
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olefins, in which case the formation of secondary products remains low. In US patent 
5,198,590 the temperature is 400 - 800 °C, preferably 500 - 650 °C In the present inven- 
tion the temperature is preferably below 400 °C. Likewise, the retention time is longer in 
the prior-known process. 

5 Similar advantages are gained in alkylation. A long useful life of the catalyst is financially 
a very significant advantage. In a circulating-bed reactor the regeneration of the catalyst 
can be managed quite flexibly, and the operation of the reactor need not be interrupted for 
the duration of the regeneration. This reduces apparatus expenses, since it is not necessary 
to incorporate into the apparatus two parallel reactor units of which one has to be kept in 
10 reserve. An operating cycle for the regeneration is not necessary, and therefore it is not 
necessary to have several reactors. 

In the process according to the invention, the coke formed in the catalyst is easy to remove, 
since the reaction temperature is lower and the retention time is shorter than when a solid- 
bed reactor is used. 

15 In a preferred embodiment of the invention, an annular-structured reactor is used. Thereby 
considerable advantages are gained in the present processes. Thus, the retention times are 
quite short (at maximum 3 s, typically 0.1 - 2.5 s). Clearly longer retention times are men- 
tioned in the above-mentioned patent publications concerning alkylation processes. Short 
retention times can be used owing to the use of advantageous flow regions (turbulent/rapid 

20 fluidization), which enables conditions advantageous for the reaction to be achieved with a 
low gas flow velocity in the reactor (back flow of the gas is minimized), and the transfer of 
material is maximized. Owing to the low flow velocities, erosion of the structures and attri- 
tion of the particles are considerably less than in normal circulating-bed reactors wherein 
the flow velocities are 5... 10-fold. Depending on the catalyst, the velocity is 0.1 - 3 m/s, 

25 preferably 0.2 - 2 m/s, and in particular approx. 0.5 - 1 .5 m/s. 

Owing to the annular-structured reactor it is possible to use for separation a multi-inlet 
cyclone technology, which makes a good separation capacity possible at low cyclone inlet 
flows but, nevertheless, a rapid separation of gas and particles from each other. In a pre- 
ferred embodiment of the present invention, the apparatus therefore has preferably a sepa- 
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ration device made up of a multi-inlet cyclone or a cascade of several multi-inlet cyclones. 
Such a separation device is especially suitable for processes in which the retention time is 
short and the C/O ratio is high. 

Other advantages gained through the process include: 
5 - the reactor size is small, since it is a short retention time reactor 

- the amount of catalyst in the reactor is smaller than in a solid-bed reactor, and 

- the reactor contains a smaller amount of hydrocarbons per time unit, which is a safety 
advantage. 

The invention will be described below in greater detail with the help of the accompanying 
10 drawings. 

Figure 1 shows how, when an equilibrium catalyst is in use, the yields of olefins in skeletal 
olefin isomerization are improved when the reactor temperature is lowered, 
Figure 2 depicts the iso-olefin yield in olefin isomerization by a conventional process with 
a solid-bed reactor and by the process according to the invention, and 
15 Figure 3 depicts, as a representation of the principle, the structure of the reac- 
tor/regenerator unit used in the process according to the invention. 

According to a first preferred embodiment, our invention is based on the use of a continu- 
ous-working fluidized-bed reactor in the preparation of iso-olefins from n-olefins. The 
temperature is typically 25 - 400 °C, most suitably below 400 °C. 

20 An especially suitable method is to use the circulating-bed reactor described in patent pub- 
lication FI 101 156 B. By this process it is possible to prepare iso-olefins continuously and 
with high selectivity (over 80 %). By this process it is possible to maintain the amount of 
coke at a suitable level so that there is no non-selective period at the beginning of the oper- 
ating cycle or after regeneration. By this process, iso-olefins can be prepared at a lower 

25 temperature than in a conventional solid-bed reactor, since, owing to the short retention 
time, there occur fewer secondary reactions causing deactivation and the activity of the 
catalyst can be maintained high by the use of suitable reaction and regeneration times. The 
temperature used in the regeneration may also be lower than conventional, since the coke 
forming during the reaction is easy to remove. 
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In another embodiment of the invention, a circulating-bed reactor is used for the alkylation 
of aromates. The alkylation is usually carried out at 170 - 500 °C. 

In the process according to the invention, the isomerization reaction and regeneration are 
carried out continuously. 

5 In the present invention, by "retention time" is meant the average retention time of hydro- 
carbon from the feeding point to the outlet pipe of the solids separation means, Le. in prac- 
tice the cyclone, of the circulating-bed reactor, which time may be 0.05 - 10 seconds, but 
is typically 0.1 -5 s. 

By "solids" is meant the material which, together with gas, forms a suspension in the reac- 
10 tion chamber. The solids are made up of solid catalyst particles. The catalyst is selected 
according to the process. Thus, natural or synthetic aluminum silicates, zeolites and alu- 
mina are primarily used for isomerization. The conventional zeolites catalyzing isomeriza- 
tion include ferrierites and theta-1 type zeolites. For alkylation, for example a ZSM-5 type 
zeolite is used. 

15 The reactor system used for implementing the invention may comprise two separate reactor 
units, of which one is used as a reactor and the other as a regenerator. Typically, in the 
reactor the hydrocarbon product and the catalyst are separated in a cyclone apparatus, at 
least a portion of the catalyst particles of the circulating-bed reactor are directed to the re- 
generation unit, where the catalyst particles are regenerated at an elevated temperature, and 

20 the regenerated catalyst particles are recycled to the circulating-bed reactor. Preferably a 
circulating-bed reactor is used as the regeneration unit. The cyclone apparatus is normally 
made up of two cyclones in series, at least the latter of them in the gas flow direction being 
preferably a multi-inlet cyclone. 

According to a preferred embodiment of the invention, the reactor and/or regenerator has 
25 an internal circulation, which has been implemented by connecting the dipleg of the sepa- 
ration means, usually a multi-inlet cyclone, to the feed port for the fluidization gas or 
respectively regeneration air, or preferably to a point above the feed port, in the lower part 
of the riser. 
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Compared with the above-mentioned patent publications, one important difference be- 
tween the invention and the state of the art is the absence of the internal catalyst circulation 
in such a reactor. The advantages described in the present invention cannot be achieved 
with a once-through reactor. As stated above, a slightly used catalyst provides a higher 
5 selectivity than does a regenerated catalyst. Thus, in the present invention the catalyst cir- 
culates through the riser and the cyclone at least 5, preferably at least 10 times, for exam- 
pie, approx. 15-150 times, in particular approx. 17-30 times, before ending up on the re- 
generator side. From the solids/catalyst amount flowing in the dipleg respectively at least 
approx. 0.5 %, preferably approx. 1-20 %, typically approx. 5 - 15 % is in this case 
1 0 circulated via a return pipe to the reactor. 



The regenerator preferably has corresponding internal circulation, in which case - as above 
- the catalyst circulates via the riser and the cyclone at least 5, preferably at least 10 times, 
for example approx. 15-150 times, in particular approx. 17-30 times, before ending up 
in the reactor riser. Even in this case at least approx. 0.5 %, preferably approx. 1-20 %, 
15 typically approx. 5 - 15 %, of the solids/catalyst amount flowing in the dipleg is in circu- 
lated via a return pipe to the regenerator. 

Between the regenerator and the reactor there prevails a large temperature difference, and 
the energy requirement of the reaction is small. If internal circulation is not used, either the 
catalyst needs to be cooled before being directed to the reactor (a large amount of energy 
20 for cooling) or a low C/O ratio needs to be used, which leads to a decrease in conversion. 

A reactor unit used as a circulating-bed reactor comprises, for example, 
a tubular or annular riser having a substantially vertical central axis, 
a cyclone apparatus arranged at the upper end of the riser as an extension of the riser, 
the cyclone having one or several inlet ports connected to the riser and, an outlet 
25 port, and 

a dipleg connected to the lower outlet port of the cyclone apparatus, the dipleg being 
arranged substantially concentrically inside the riser or non-concentrically next to the 
riser and having a substantially annular or circular cross section in the transverse di- 
rection. 
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The regeneration unit used is an apparatus comprising 

a tubular or annular riser having a substantially vertical central axis, 
a multi-inlet cyclone airanged at the upper end of the riser as an extension of the 
riser, Ihe cyclone having one or several inlet ports connected to the riser, and an out- 
5 let port, and 

a dipleg connected to the lower outlet port of the cyclone, the dipleg being arranged 
substantially concentrically inside the riser or non-concentrically next to the riser and 
having a substantially annular or circular cross section in the transverse direction. 

Figure 3 depicts the principle of the coupling of two circulating-fluid-bed reactors: 

10 The hydrocarbon is fed into the lower portion of the reactor. If it is desired to feed the hy- 
drocarbon into a dilute suspension, a pre-fluidization gas (e.g. nitrogen) is fed separately 
into the lower portion of the reactor. The gaseous-state hydrocarbon transports the catalyst 
in the riser 1 of the reactor, the hydrocarbon reacting to form the desired compounds. The 
hydrocarbon-catalyst suspension further travels to the cyclone 2, where the hydrocarbon is 

15 separated from the catalyst. The hydrocarbon leaves via an outlet port 3 to the product 
processing part, and the spent catalyst travels through the cyclone leg 4 into the reactor 
return conduit 5 and from there again to the reactor riser 1. A portion of the spent catalyst 
is regulated by means of a valve 6 to travel through a transfer pipe 7 into the regeneration 
part, where the catalyst is fluidized by means of regeneration air introduced into the lower 

20 portion of the regenerator. The catalyst travels together with the combustion air through the 
regenerator riser 8, whereupon the coke on the catalyst surface is oxidized and the catalyst 
temperature rises. The suspension of combustion gas and catalyst travels to the cyclone 9, 
where the combustion gas is separated from the catalyst The combustion gas is removed 
via an outlet port 10, for example to the heat recovery unit, the catalyst traveling through 

25 the cyclone leg 1 1 to the regenerator return conduit 12, and from it again to the regenerator 
riser 8. A regenerated catalyst amount corresponding to the spent catalyst coming from the 
reactor to the regenerator is regulated by means of a valve 13 to travel through a conduit 14 
to the reactor. 

The above description does not apply only to an apparatus made up of a separate reactor 
30 and a separate regenerator; it is also possible to use an "onion"-structured apparatus ac- 
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cording to patent FI 101 156, wherein the reactor and regenerator parts are fitted one inside 
the other. The first-mentioned is advantageous in alkylation, either alternative is advanta- 
geous in isomerization. In an onion-structured circulating-bed reactor the reaction chamber 
is between two vertical cylinders or cones one inside the other, in which case the reaction 
5 chamber and the solids dipleg are annular in cross-section. The feed nozzles via which the 
liquid, or in some cases gaseous, feed is directed to the reaction chamber are in the lower 
portion of the reaction chamber. They are normally oriented upwards. The catalyst is di- 
rected from the dipleg of the reactor to the lower portion of the reactor via an annular inlet 
in the lower portion of its outer mantle or via smaller inlets in the mantle. The solids flow 
10 into the reactor is preferably regulated by closing means of the said inlets; by turning or 
lifting the closing means the solids inlet can be throttled. Conventional valves can also be 
used for regulating the solids flow from the dipleg to the reactor. 

For the regeneration of the catalyst the reaction chamber is connected to the regeneration 
unit via & dipleg at a point after the cyclone. In the case of an onion-structured reactor, one 

15 reactor can be disposed inside another reactor. Of these two reactors it is often advanta- 
geous to use the inner one as the cracking reactor and the outer one as the regenerator 
wherein the recyclable catalyst is regenerated and heated to the desired temperature. The 
catalyst is transferred from the reactor to the regenerator in the onion structure via a con- 
duit, i.e. a dipleg, having an annular cross-section and via conduits passing through the 

20 fluidization chamber of the reactor. The regenerator dipleg, i.e. the catalyst return conduit 
to the reactor, is also a chamber annular in cross-section. As to the state of the art, refer- 
ence is made to the apparatuses according to EP patent publications 0 863 796 and 
0 888 174. 

In the onion structure, most preferably a multi-inlet cyclone serves as the means, attached 
25 to the upper portion of the reaction chamber, for separating solids from the reaction prod- 
uct. In such a cyclone the solids suspension to be treated is fed into the cyclone chamber 
through a plurality of inlets. The inlets may be symmetrically or asymmetrically arranged 
relative to the vertical axis. Preferably the inlets are arranged symmetrically, since the riser 
has an annular cross-section and the flow is thus uniform over the entire cross-section of 
30 the riser. In a case such as this the cyclone is equipped with flow guide vanes by means of 
which the vortex required by centrifugal separation is produced. The guide vanes are typi- 
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cally arranged annularly as a guide vane system on the circumference of the cyclone 
chamber in such a manner that this system fonns a plurality of parallel gas inflow conduits. 
If the catalyst particle size used is small, as in general, it is advisable to use two concentri- 
cally disposed multi-inlet cyclones in series in the gas flow direction. 

5 In another preferred embodiment of the invention, - Cs aromates are alkylated with 
olefins to alkyl aromates in a circulating-bed reactor. In the method the aromates are alky- 
lated with light olefins with the help of a zeolite catalyst. The feed ratio of the C$ - Cs 
aromates and C2 - C4 olefins, used as the feed, is typically approx. 5-20:1 at a temperature 
of 150 - 500 °C and a pressure of 1 10 - 5000 kPa(g). 

10 In alkylation both the actual reaction and the regeneration are exothermal processes. This 
means that the reactor system has to be cooled. Furthermore, the reaction occurs under a 
pressure higher than that of the FCC process, which means that when the process is im- 
plemented with the option according to the reactor concept, also regeneration has to be 
carried out as pressurized combustion. For this reason, alkylation is preferably carried out 

15 in a reactor system wherein the reaction and the regeneration are carried out in separate 
pressure vessels. In this case the cooling for the reactor system is easy to arrange, as is also 
the focusing of the feeds at different heights in the reactor riser. A high pressure favors the 
separate-reactor option in terms of investment costs, since the price of the pressure mantle 
is significantly affected by its diameter, which is in an "onion structure" significantly 

20 greater than in the separate-reactor option. 

In alkylation, for example the apparatus according to EP patent 0 753 037 (FI patent appli- 
cation 941528) or Figure 3 can be used. By using this option it is possible to reduce the 
effect of the wall on the flow profile. When CFB reactors are applied to reactions which do 
not require or yield much heat and which produce less coke, deactivation is slower. In this 
25 case it is advantageous to use a reactor having a so-called internal cycle, i.e. the catalyst on 
average circulates in the reaction zone several times before it ends up in regeneration. 



The feed of the process according to the invention generally comprises an olefin- 
containing hydrocarbon composition. The feed typically contains at least 10 % by weight, 
preferably 20 % by weight, of olefins serving as the feedstock material. The olefins are, for 
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example, linear 1- or 2-butene, isobutene, and linear or branched C5 olefins. Alternatively 
the feed may comprise a mixture of these olefins. The feed contains most preferably C4 
olefins, advantageously n-butene, from which isobutene is obtained by isomerization, 
and/or C 5 olefins, from which isopentene is obtained by isomerization. It is clear that the 
5 feed may contain both C 4 and C 5 olefins, in which case the product obtained is a mixture of 
isobutene and isopentenes. 

When the process according to the invention is used for alkylation, the hydrocarbon feed 
also contains aromatic compounds, preferably compounds containing 6-8 carbon atoms, 
in particular benzene, in which case alkylation produces C7.11 alkyl aromatic hydrocarbons, 
10 such as toluene, xylene, ethyl benzene, methylethyl benzene, diethyl benzene, propyl ben- 
zene and methylpropyl benzene. The aromatic fraction may comprise, for example, re- 
formed gasoline. 

According to the first preferred embodiment, in which a C 4 -based hydrocarbon fraction is 
isomerized, the hydrocarbon mixture of the feed comprises n-butene at least 10 % by 

15 weight, preferably at least approx, 20 % by weight The feed may be made up of pure n- 
butene, but in practice the C 4 -based hydrocarbon fraction from oil refining is used for the 
feed. Preferably the C 4 fraction obtained from FCC, TCC, DCC or RCC is used, or a C 4 
fraction obtained from the ethylene unit after the removal of butadiene (Raffinate 1). Of 
the above, the FCC, RCC, TCC and Raffinate 1 fractions are especially advantageous, 

20 since the said hydrocarbon fraction can be used as such, possibly after the separation of the 
heavy (C 8 +) fractions. Raffinate 1 typically comprises approximately 50 % by weight of 
isobutene, approx. 25 % by weight of linear butenes, and approx. 25 % by weight paraf- 
fins. The FCC product typically comprises 10 - 50, advantageously approx. 10 - 30 % by 
weight of isobutene, 20 - 70 % by weight of 1- and 2-butene, and approx. 5 - 40 % by 

25 weight of butane. An example of a typical FCC mixture is one having the composition: 
approx. 30 % by weight of isobutene, approx. 17 % by weight of 1-butene, approx. 33 % 
by weight of 2-butene, and approx. 20 % by weight of butane. 

1- and 2-butene prepared from chemicals may also be used. 
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If the invention is used for the alkylation of aromates to prepare corresponding alkyl aro- 
mates, the olefin feed used is most preferably an FCC combustion gas stream which con- 
tains Cm hydrocarbons, such as ethylene, propylene and butene. Typically such a gas 
stream contains approx. 10 - 20 % by weight of ethylene, 15 - 40 % by weight of propyl- 
5 ene and 20 - 40 % by weight of butenes, as well as a small amount of methane and paraf- 
finic hydrocarbons. 

According to another embodiment of the invention, the feed comprises the C5 fraction of 
FCC gasoline, of light FCC gasoline, of pyrolysis-C 5 gasoline, of TCC gasoline, of RCC 
gasoline or of Coker gasoline, typically of FCC gasoline, and it may thus also comprise C6 

10 olefins. Preferably the FCC fraction is fractionated in order to obtain as pure a C5 olefin 
fraction as possible, in which the concentration of other C5 hydrocarbons is lower than 
15 % by weight, preferably lower than 5 % by weight. It is also possible to use a fraction 
which also comprises C6 olefins. Typically the feed thus comprises 20 - 60 % by weight, 
in particular 30 - 50 % by weight, of C 5 olefins; 10 - 30 % by weight, in particular 15 - 

15 25 % by weight, of C6 olefins; and 15 % by weight or less of paraffinic hydrocarbons. 

According to a third embodiment, the feed comprises both C4 and C 5 olefins. In this case 
the hydrocarbon feed selected is a FCC, TCC, DCC or RCC fraction or Raffinate 1, FCC 
gasoline, light FCC gasoline^ pyrolysis-C 5 gasoline, TCC gasoline, RCC gasoline or Coker 
gasoline. An easily available hydrocarbon composition comprises the C4 and C 5 fractions 
20 of FCC. Preferably the composition contains at least 10 % by weight, in particular at least 
15 % by weight, of C4 olefins and at least 10 % by weight, in particular at least 15 % by 
weight, of C5 olefins. Typically the amounts of C4 olefins and C5 olefins are approximately 
equal, although usually the fraction contains a slightly larger amount of C4 olefins. 

Examples 

25 The following examples show that iso-olefins are selectively formed from n-olefins when 
the retention time in the reaction is short. In all of the experiments, a 97 % by weight pure 
1-pentene was used according to Fluka. The equipment in the experiments was a pulse 
reactor that is described in detail in the Applied Catalysis journal article General 183 
(1999) 411-421 (Novel equipment for testing catalytic cracking and catalyst regeneration 
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with short contact times, K. Lipiainen et aL). The catalyst particle size used in the experi- 
ments was 0.074 - 0.149 mm. The retention time was calculated as follows: 

Retention time (s) = catalyst layer volume (\xl) (1) 

carrier gas flow velocity (pj/s) 

5 The results determined from the gas chromatographic analyses were calculated from the 
following formulae, where S = in the feed and T = in the products 

conversion of n-pentenes =q-C<TS - (l-C^+t-Cr+c-2-C^ T x 100 wt% (2) 

(1-C 5 = S) 

iso-olefin selectivity = (O-me-l-Cr^-me-l-C^-me^Cii^T) x 100 wt% (3) 
1 0 (conversion of n-Cs") 

isopentene yield = (conversion of n-C<T x iso-olefin selectivity wt.% (4) 

100 

isopentenes (%) of the thermodynamic equilibrium = 

r 3 -me- 1 -Cr+2-me- 1 -Cr42-me-2-CT thennodyn. proportion of iso-olef. x 100 wt. % 
15 (l-C 5 ~+t-2-C5 = +c-2-C 5 = +3-me^ (5) 

Examples 1-25 show the behavior of 1-pentene with a short retention time when the cata- 
lyst is commercial ferrierite HSZ-720-KOA. Before the testing, the ferrierite was ion- 
exchanged with a 3 M ammonium nitrate solution. During this treatment the potassium and 
sodium ions present in the zeolite were removed. Thereafter the zeolite was calcined at 
20 500 °C for two hours, whereby the ammonium ions broke down to ammonia and acid sites. 
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The results of Examples 1-25 show that n-pentenes are converted to isopentenes with a 
high selectivity and a high conversion rate even though the retention time of the reaction is 
5 short. By the process according to the invention, the conversion of n-pentenes to isopente- 
nes can be achieved even at a temperature of 125 °C. 

Examples 26 - 28 show the behavior of 1-pentene with a short retention time when the 
catalyst is commercial ferrierite HSZ-720-KOA which contains coke formed during the 
skeletal isomerization reaction. 
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Table 2 
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A comparison of the results of Examples 26 - 28 (carried out with coked catalyst) with the 
results of Examples 10 - 12 (carried out with fresh catalyst) shows that the behavior of the 
5 catalyst at a suitable coke level increases the iso-olefin yield. 

Examples 29 - 34 show the behavior of 1-pentene with a short retention time when the 
catalyst is zeolite ZSM-22 belonging to the theta-1 group. The purpose of the examples is 
to show that the process according to the invention can be applied to various catalysts. 



Table 3 
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Claims: 

1 . A process for converting an olefin feed to hydrocarbons suitable for fuel components 
or their feedstock, according to which process 

the olefin feed, possibly together with another hydrocarbon feed, is contacted in a 
5 reactor with a catalyst in order to produce a hydrocarbon having at least one alkyl 

side chain, 
characterized in that 

the olefin feed is contacted with a fluidized catalyst in particle form in a circulating- 
bed reactor, the catalyst constituting the circulating bed in the reactor. 

10 

2. The process according to Claim 1, characterized in that a circulating-bed reactor is 
used wherein the contact time between the olefin feed and the catalyst is 0.0001 - 5 s, 
preferably approx. 0.001 - Is. 

3. The process according to Claim 1 or 2, characterized in that in the retention time of 
1 5 the feed in the circulating-bed reactor is 0.01 - 3 s. 

4. The process according to any of Claims 1-3, characterized in that 
the hydrocarbon product and the catalyst are separated in a cyclone, 

at least a portion of the catalyst particles of the circulating-bed reactor are directed to 
a regeneration unit, wherein the catalyst particles are regenerated at an elevated tem- 
20 perature, and 

the regenerated catalyst particles are recycled to the circulating-bed reactor. 

5. The process according to Claim 4, characterized in that the regeneration unit used is 
a circulating-bed reactor. 

6. The process according to any of the preceding claims, characterized in that the cir- 
25 culating-bed reactor used is a reactor unit comprising 

a tubular or annular riser having a substantially vertical central axis, 

a cyclone apparatus which includes at least one multi-inlet cyclone, and which is 

arranged at the upper end of the riser as a continuation of the riser, and in which the 
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cyclone has one or several inlet ports connected to the riser and separate outlet ports 
for the solids and the gas, and 

a dipleg connected to the solids outlet port of the cyclone, which dipleg is arranged 
substantially concentrically around the riser and has in the transverse direction a sub- 
5 stantially annular or tubular cross-section, 

7. The process according to any of Claims 4-6, characterized in that the regeneration 

unit used is an apparatus comprising 

a tubular or annular riser having a substantially vertical central axis, 
a cyclone apparatus which includes at least one multi-inlet cyclone, and which is 
10 arranged at the upper end of the riser as a continuation of the riser, and in which the 

cyclone has one or several inlet ports connected to the riser and an outlet port, and 
a dipleg connected to the gas outlet port of the cyclone, which dipleg is arranged 
substantially concentrically around the riser and has in the transverse direction a sub- 
stantially annular or tubular cross-section. 

15 8. The process according to any of the preceding claims, characterized in that iso- 
olefins are prepared from n-olefins. 

9. The process according to Claim 8, characterized in that the iso-olefin conversion 
reaction is carried out in the presence of a zeolite, SAPO, amorphous aluminum silicate or 
aluminum oxide catalyst. 

20 10, The process according to Claim 8 or 9, characterized in that the iso-olefin conver- 
sion reaction is carried out at a temperature of 25 - 400 °C. 

11. The process according to any of Claims 8 - 10, characterized in that C4-7 iso- 
olefins, in particular isobutene or isoamylene, are prepared. 



12. The process according to any of Claims 1 - 7, characterized in that the lower olefin 
25 is fed into the circulating-bed reactor together with an aromatic C6 - C10 compound in or- 
der to prepare a C7 - Cn alkyl aromate compound. 
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13. The process according to Claim 12, characterized in that the alkylation of the 
matic compound is carried out at 170 - 500 °C. 
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